Construction of Identification System for Alien Chromatin in Crop Plant  by Zhang, Yanming et al.
Procedia Environmental Sciences 8 (2011) 637 – 644
1878-0296 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Pacific Chemical, Biological &  
Environmental Engineering Society (APCBEES)
doi:10.1016/j.proenv.2011.10.099
Available online at www.sciencedirect.com
 
ICESB 2011: 25-26 November 2011, Maldives 
Construction of Identification System for Alien Chromatin in 
Crop Plant 
Yanming Zhanga,b, Ying Xu b, Wenjing Zhang b, Luming Jiang b, Jilin Li b,∗ 
aInstitute of Crop Breeding, Heilongjiang Academy of Agricultural Sciences, Harbin, 150086,China 
b College of Life Science and Technology, Harbin Normal University, Harbin, 150025,China  
 
Abstract 
In the previous decades, the expansion of genomic technologies has begun to revolutionize our ability to identify and 
measure genetic variation. The correct identification of alien chromatin involved in these gene transfers is crucial in a 
range of molecular and cytogenetic investigations. This paper presents the contribution of the sequential technique of 
C-banding, GISH and SSR marker on identification and detection of alien chromosomes, discusses the progress on 
identification of genetic variation, molecular and cytogenetic identification technologies, and prospects the significant 
construction of identification system for alien chromatin in crop plant. 
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1.Introduction 
Unlike animals, genome size may vary a 1000-fold in higher plants, ranging from 125 Megabases (Mb) 
in Arabidopsis thaliana (The Arabidopsis Genome Initiative, 2000) to 123 000 Mb in Fritillaria 
assyriaca [1]. Most of these large plant genomes consist of repeated sequences with a small fraction 
belonging to single or low copy sequences (i.e. genes). Alien chromatin is a perfect vector for the transfer 
of genetic material that carries many useful agronomic traits, which can provide a route for gene flow, 
including that of transgenes, to the wild. Therefore, the correct identification of alien chromatin involved 
in these gene transfers is crucial in a range of molecular and cytogenetic investigations [2]. At first, 
staining techniques were used to analyze the substructures of cereal chromosomes, and to develop a 
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cytogenetic karyotype of wheat [3]. Then, genomic affinity of individual chromosomes can be determined 
by sequential banding and genomic in situ hybridization [4], and nonisotopic methods of mapping DNA 
sequences in situ on chromosomes were used to construct a molecular karyotype of wheat [5]. More 
recently, molecular markers such as RFLP (restriction fragment length polymorphism) or microsatellites 
(SSRs, simple sequence repeats) have been used for identification of alien chromosomes in wheat 
background and estimation of genome homeology in crop[6]. These methods have greatly facilitated 
cytogenetic analysis in wheat and related species, especially the analysis of alien transfers [7]. In the last 
four decades, the incorporation of alien genetic material from Thinopyrum into common wheat (Triticum 
aestivum L., AABBDD genomes) through wide crosses has increased the genetic diversity in wheat for 
improvement of disease resistance, drought and salinity tolerance and other traits [7,8]. In subsequent 
studies up to 18 different genes have now been introgressed into wheat from various Thinopyrum species 
[9]. The transfer and identification of desirable chromosomes or chromosomal segments from 
Thinopyrum in wheat has benefited greatly from new developments in cytogenetics and molecular 
cytogenetic diagnostic techniques, such as sequential C-banding and GISH/FISH, in combination with 
some of the molecular methods, including RAPD, RFLP, AFLP, and SSR, which are being widely used 
to identify integrated alien chromosomes, chromosome segments, and genes. This article reviews the 
contribution of the sequential technique of C-banding, GISH and SSR marker on identification and 
detection of alien chromosomes, progress that has been made in these areas and discusses the progress on 
identification of genetic variation, molecular and cytogenetic identification technologies, and prospects 
the significant construction of identification system for alien chromatin in crop plant. 
2.Materials and Methods 
2.1.Materials  
We obtained Chinese spring-Elytrigia elongata disomic addition lines [genome formula, AABBDDEƎ 
(1E-7E)], from Prof. Endo T.R., Kyoto University. Elytrigia elongata (2X=14) was obtained from 
Institute of Crop Science, Chinese Academy of Agricultural Sciences, and the hybrid offspring between 
Chinese spring-Elytrigia elongata disomic addition lines and Chinese spring-Aegilops cylindrica disomic 
addition lines were derived from Prof.Li J.L., Harbin Normal University. 
2.2.Methods 
Seed treatment: The seeds were soaked in water at room temperature for 24 h, and then germinated on 
two layers of wet filter papersin Petri dishes in an incubator at 23.5 ć. After 90 to 96 h, 45% to 50% of 
seeds showed the buds, and then were incubated at 8C for 48 h under a low temperature treatment, and 
then the buds and the side roots grew out. 
Sprout acceleration: the buds were incubated in incubator at 23.5ć for 90-96 h, the sprouts grew 
quickly. The main roots were growing up to 1-2 cm, and the side roots were to 0.5 -1 cm. 
Ice treatment: the root tips were collected from well grown young roots by cutting at 0.5 to 1 cm from 
their tips, then were kept in tubes filled with ice-cold water, then incubated at 0ć for 24-27 h. 
Fixation: After the pretreatment in ice cold water, the root tips were put on paper towel for removing 
excess water, and then were fixed in Karnoy’s fixative (ethanol : galyceil aceta =1:3) for 24 h at room 
temperature. 
Chromosome preparation: The fixed root tips were transferred into the solution of acetocarmine for 
staining, and then stored in 8ć-refregretor. The best result was obtained by staining more than two weeks. 
The meristemic portion of root tips were put in 45% of acetic acid, and then tapped carefully on a glass 
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slid, and observed under microscope. Twenty well separated specimens with metaphase cells were deeply 
frozen in liquid N2, and then the cover slips were quickly removed using a razor, then the glass slides 
were air-dried and stored at -20  freezer.ć  
C-banding and GISH/FISH: The technique for C-banding is that previously described by B.S. Gill [10]. 
After the process of C-banding, the location of a good image captured was recorded by computer. Then 
the bleaching treatment for slide, 50% xylene by 2min, 70% ethanol by 10min, 100% ethanol by 10min 
and followed by FISH/GISH on the same metaphase cells, as described by Masoudi-Nejad, A. et al.[11]. 
SSR Primers: We used three pairs of SSR primers that are specific to wheat chromosomes. The primer 
sequences are in the Table1. 
DNA extraction and PCR: We extracted genomic DNAs from fresh or frozen young leaves by the 
modified CTAB method and PCR protocol was described by Taizo A. et al. [12]. 
Table1 SSR Primer Sequence  
NO. Locus 
Chromosome 
sites 
Left primer Right primer Repeat 
Anneal 
temp. 
Opata 
(bp) 
Synth 
.(bp) 
No.of  allele 
site 
1 Xgwm157  -2D  
GTC GTC 
GCG GTA 
AGC TTG  
GAG TGA ACA 
CAC GAG GCT 
TG 
(CT)14 60 106 110 3 
2 Xgwm264    -3B 
GAG AAA 
CAT GCC 
GAA CAA CA 
GCA TGC ATG 
AGA ATA GGA 
ACT G 
(CA)9A 
(CA)24 
60 — 226 6 
3 Xgwm312   -2A 
ATC GCA 
TGA TGC 
ACG TAG AG 
ACA TGC ATG 
CCT ACC TAA 
TGG 
(GA)37 60 216 219 6 
3.Result and discussion 
3.1.C-banding  
The experiments found that the required conditions of C-banding were different for E and ABD group 
chromosomes. When ABD Chromosome banding was clear, E group chromosome banding were weak. 
However, by adjusting the denaturation time of Ba(OH)2, we could find a balance point between E and 
ABD chromosome, which ABDE chromosomes had a clear banding under the same treating conditions 
(Figure 1-7).  
3.2.Sequential Banding and GISH 
After C-banding, the slides were decolorized and followed by genomic in situ hybridization on the 
same metaphase cells. The results demonstrated that the E group chromosomes can be clearly 
distinguished from wheat genetic background. We were obtained 7 sequential maps of banding and GISH 
for Chinese spring-Elytrigia elongata disomic addition lines (1E-7E). Chromosome morphology of 
ABDE was favorable. This means that the sequential map of banding and GISH can be serve as the 
identification of reference map for E group chromosome. In addition, results also indicated that the 
sequence technique of banding, GISH can be widely used in identification and detection of alien 
chromosomes. (Figure 1-7, the pink GISH signals represented the E genomic DNA. The blocking DNA 
was “Chinese Spring”. Chromosomes were counterstained with DAPI (blue).Bar=10ȝm. ) . 
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Figure 1 CS-CE1E": sequential C-banding and GISH                Figure 2 CS-CE2E": sequential C-banding and GISH 
   
 
Figure 3 CS-CE3E": sequential C-banding and GISH                Figure 4 CS-CE4E": sequential C-banding and GISH 
   
 
Figure 5 CS-CE5E": sequential C-banding and GISH                Figure 6 CS-CE6E": sequential C-banding and GISH 
   
 
Figure 7 CS-CE7E": sequential C-banding and GISH 
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3.3.SSR Marker 
The detection of F3 hybrid offspring between Chinese spring-Elytrigia elongata disomic addition lines 
and Chinese spring-Aegilops cylindrica disomic addition lines used SSR marker, the results showed that 
three F3 offspring occurred the chromosome aberration; the arm of wheat chromosome was lost (2DL, 
3BS and 2AL, respectively), and the alien DNA  from the Thinopyrum species such as Th. intermedium 
(Host) Barkworth (2n = 6x = 42) and Th. elongatum(Host) (2n = 2x = 14), presented the particular band 
that was different from wheat  (Figure 8-10 ), which can be used for identification of alien chromosomes 
in wheat background and estimation of genome homeology.  
Therefore, combined application of molecular and cytogenetic identification technologies is essential 
to increase the accuracy and efficiency of the diagnosis of alien chromatin. 
4.Discussion 
4.1. Progress on Identification of Genetic Variation 
In the past five decades, agriculture has seen spectacular successes that include the Green 
Revolution[13] in crop such as wheat (Triticum aestivum L.) and rice (Oryza sativa L.) and the broad 
acceptance of singlecross hybrids in maize (Zea mays L.). The basic outline of a plant improvement 
program includes three main components: defining breeding objectives, creating genetic variability, and 
identifying superior new genotypes. However, regardless of the breeding objective, a critical step is 
identifying sufficient genetic variation to meet that objective.  
 
                         
a                                                                  b                                                                c  
Figure 8 Amplification products of Xgwm157 (a); M: DNA Ladder:100-600-1500-2072bp 1.Chinese Spring 2.Th. elongatum 3.Th. 
intermedium 4.Lines:1-04. 
Figure 9 Amplification products of Xgwm264 (b); M: DNA Ladder: 100-600-1500-2072bp 1.Chinese Spring 2.Th. elongatum 3.Th. 
intermedium 4.Lines: 3-23. 
Figure 10 Amplification products of Xgwm312 (c); M: DNA Ladder: 100-600-1500-2072bp 1.Chinese Spring 2.Th. elongatum 3.Th. 
intermedium 4. Lines: 3-29 
In the 1950s and 1960s, quantitative genetics theory emerged as a powerful tool for measuring and 
M    1   2     3       4 M      1   2     3    4M      1      2       3       4
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describing quantitative traits [14].From the initial application of morphological markers and linkage 
mapping, research aimed at identifying genetic variation in relation to quantitatively inherited traits 
expanded rapidly. In the 1980s, a new class of genetic markers termed molecular markers, which included 
isozymes and restriction fragment length polymorphisms (RFLPs) [15] were identified. And soon, efforts 
were underway to use these molecular markers to map the putative genes controlling quantitative traits, 
termed quantitative trait loci (QTL), by correlating trait variability with genetic marker variability 
measured in segregating populations [16,17]. In the 1990s, newer types of DNA based markers were 
developed through the use of polymerase chain reaction (PCR) technologies [18]. The large number of 
markers available today in many crops and their frequent high levels of polymorphism, coupled with 
improved statistical and biological methodologies made possible development of marker-dense linkage 
maps and more precise mapping of QTLs. 
4.2.Molecular and Cytogenetic Identification technologies 
Cytogenetics deals with the evolution of crops by way of the study of their chromosome structure, 
number, function and movement and numerous variations in theses properties of chromosomes[19]. It 
represents a common constructional concept in the plant development system, the reproductive system, 
and in the arrangement of genes on the chromosomes. The development of amphiploids as "bridge" 
species is one of the available procedures to facilitate gene flow between wheat and related species of 
different ploidy level[20].In considering genetic variation, the previous cytological research has produced 
novel tools that have been used to synergize efforts to identify and clone important genes. Important 
cytological work has been conducted in many crops, but undoubtedly one of the best examples of 
cytological advances can be found in bread wheat and other Triticum species. As first reported in the 
1950s, cytological methods and irradiation have been used to create valuable aneuploid stocks of wheat 
that include lines lacking single chromosomes, lines lacking specific chromosomal segments, lines with 
additional chromosomes, and chromosome substitution lines [21-24]. These unique stocks have been used 
to physically map genetic markers to chromosomes as a comparison to recombination based genetic maps 
that aid strategies to clone specific genes [25]. In addition, unique genetic populations have been 
developed from these stocks that allow for QTL mapping of genes segregating on single chromosomes 
[26, 27]. 
4.3. Construction of Identification system for alien chromation 
Now, a number of economically important traits have been transferred into crop as single genes, 
chromosome arms or entire chromosomes. Successful transfers can be greatly assisted by the precise 
identification of alien chromatin in the recipient progenies. Efforts to combine cytogenetic and genomic 
technologies has resulted in the identification and cloning of several genes in a number of different crops 
including rice[28], tomato (Lycopersicum esculentum Mill.)[29], and wheat [30]. Therefore, as molecular 
and cytogenetic identification technologies continue to get mature and perfect, also with development of 
the detection equipments, computer-aided mapping and gene sequencing technology, we believe that 
identification system of alien chromatin will be more and more precise, efficient and rapidly, which 
should become an important research tool on cell and molecular biology and lead to significant crop 
improvement. 
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